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LIPOSOMES 

The present invention relates to liposomes bearing 
polyethylene glycol (PEG) moieties covalently linked to the 
external surface. 

Many ways have been sought to prolong the half life 
of liposomes in the circulation. Methods have included 
incorporation of gangliosides in the lipid bilayer, as 
described by Allen, T.M. et al. Blochim, Biophvs . Acta 818: 
205-210, and coating the liposomal surface with molecules 
such as glycosides, as described by Cosh, P. and Bachavat, 
B.X. Biochiw, PAPPhva. Acta*. 632; 562-572, and poloxamers, as 
described by Senior J. C£C Critical Ravievs An Therapeutic 
Druo Carriers 3^ m.ioi (1987). 

There is however, a need for a technique which 
increases the surface hydrophilicity of liposomes (whether 
these are small unilamellar vesicles or multilamellar 
vesicles or large unilamellar vesicles of defined size) while 
quantitatively retaining aqueous solutes, without 
crosslinking the vesicles and without conferring on the- 
vesicle a net charge. 

A particular problem arises in the use of liposomes 
to modify the circulation lifetime characteristics of 
magnetic resonance imaging agents such as Gd-DTPA described 
by Unger eJt aj^ Radjology, jlh 81-85 (1989) and Tilcock e£ 

Radiology, HUL 77-80 (1989). For use as a perfusion 
agent it would be desirable to increase the circulation 
.lifetimme of liposomal Gd-DTPA . 

Once administered i.v., the liposomes are subject to 
numerous interactions with plasma proteins (eg. HDL) and the 
Reticuloendothelial system (RES) which result in 
destabilisation and clearance of the vesicles from the 
circulation. Methods that have been employed to date to 
Improve vesicle stability in the circulation have been to 
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incorporate sterols such as eh , 

th. Upld ^position "et icu? Z T° UPl * S Wlthia 
approaches i« ttot lt .... ™* , " Cl * t - ^ to both 

Pha . e tr .„. lti :; "^r::. the ^ «• —* 

relativity for the entrapped Gd-DTPA therebv T"""" 
."ective^,. a . a contr ™ iwt MPA ' leasing its 

w« have surprisingly discovered «,.«. *u 
link.,, of PE0 t . th. external eu«. c . ot lio^" °° V "* nt 
«xt.nd th. circulation Ufe-ttae^h. I * 
Erupting the iipid b ,- lay .^ ' ^ llj>OSO »" 

The present invention therefore provide. n„ 
having c=v.l,„ tly ^ KG „ tlTltVJ'r 

Preferabiy peg Pieties l^L ^ 1," 
groups in the heed group of at I-,* ? "° 

^, P J n ph^hXT~^ 

The liposomes My be fomed of any suiffei., 
Phospholipid or phosphoilpid .ixtur. of l^ch 
«• already ta ov„ in the lU^^^^V"?,""* 
one of the phospholipid u provi<Jed «>at at least 

Mndlng «,f *roup for 

conventional „u. ous P £ !i ' COntSi " "» 

for instance as fo^,,,.*.- - carrier or diluent, 

optional ingrK , ients ?ZJ££*~U- 

preservatives, antioxidants and isotonic s,"s 

v.sic les p r "'::^ y b th ' UPO,OMS ^ -"""-liar 
Prepared by extrusion fLUV«tn-«t - 

layers consist of a ^T^Tll™?^ 
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dioeylphosphatidyl choline and dioleylphosphatidyl 
ethanolamine and most preferably the liposomes contain 
a que us Gd-DTPA. 

The invention further provides a process comprising 
treating liposomes with a reactive derivative of polyethylene 
glycol, preferably 2,2,2~trif luoroethanesulphonyl (tresyl) 
monomethoxy PEG* Tresyl monomethoxy PEG (TMPEG) and its 
production is described in our co-pending British application 
no. 8824591.5. 

Preferably the reaction between the reactive PEG 
derivative and the liposomes is conducted in aqueous solution 
at ambient or physiological temperatures. The reaction 
occurs at near neutral pH, for instance in physiological 
buffer but is faster and more extensive at pH9-10, By 
controlling the ratio of reactive PEG derivative to 
liposomes, the number of PEG moieties linked to the liposomes 
may be controlled. 

Poly (ethylene glycol) (PEG) is a linear, water* 
soluble polymer of ethylene* oxide repeating units with two 
terminal hydroxy 1 groups: 

HO (CH 2 CH 2 0) n CH 2 CH 2 OH 
PEG*s are classified by their molecular weights, thus PEG 
6000, for example, has a molecular weight of about 6000 and n 
is approximately 135. 

PEG'S can be covalently linked to proteins by a 
variety of chemical methods. We have used tresyl chloride 
(2,2,2-trifluoroethane sulphonyl chloride) to activate the 
single free hydroxyl group of monomethoxy PEG 5000 (MPEG) but 
other tresyl halides and other reactive derivatives of MPEG 
may be used. By having the other hydroxyl group of PEG 
"blocked" as the unreactive methyl ether, the possibility of 
producing PEG activated at both ends, which would give rise 
to cross -linked lipids in the coupling stage, is avoided. 

The phospholipids phosphatidyjethanolamine (PE) and 
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phosphatidyl serine (PS) have a trmm 

ha , m - x 1 * a free a,Blno group in the polar 

head group. ln aqueous solutions phospholipids chow 
lyotropic mesomorphis*; ffi0s t phospholipids adopt closed 

Pro^t^^T 8 C ° Bpri8i ^ U > id ******* Cliposo.es). 
PE on its own adopts the H ZI phase, but in mixtures with 
Phosphatidylcholine (PC) adopts bilayer organisations. We 
have prepared liposomes from pe/Pc mixtures to provide lipid 
vesicles with the amino groups of P B exposed at both the 
outer and inner surface, only the outer PE molecules are 
accessible to the tresyl-PEG, so the modification is 
asymmetric. 

Th. amount of PEG link*) to th. liposom. .urfac. can 
b. controlled by v.fyin, th. lipid composition, th. r.tio"f 
th. mctlv. derivative of polyethylglycol to th. 
phospholipid having m ^ group-containing head group, th. 
duration or th. reaction and th. pH. Th. production process" 

T^TJ'TT by systeMtl ° ■ t — ** *»^T 

release of entrapped aye as a Mr)tM . f8Jr u.^^,, ' 

Seated T°' 11P " " layer *» —*«*». «-U-litV of 
treaty Hposo.es ln , for instance, th. blood stream of mice 
following Intravenous administration. 

The major fate of untreated lipoao.es injected in to 

cells of th. l lv .r and by f ix .d macrophages in th. spleen 
such uptafce by th. reticmo-.ndoth.liai , y .t.m (RES) P ™ ts 

formation of reservoir, for th. .low r . Ui . e of biologically 
.ctlv. mol.cul. 8 and for tr.atm.nt of tl..u.. oth.r thanks 
tissue.. Treatment of th. lipoeoae. according to th. present • 
invention, i„ ord.r to introduc. peg moi.ti.. on the 
ZZ ' UrPrl - in ' ly faction between ..^ 

if.^m. 1 fcn°o: and SttrPrl ' ln ' ly inC ™"" «» '"'""ion 
life tim. following i„trav.nou. administration. 

A particularly preferred us. of the PEG-bearin, 
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liposomes of the present inventi n is in the delivery of MR 
imaging agents such as Gd:diethylenetriaainepentacedie acid 
chelate. 

The invention further provides the use of liposomes 
having PEG moieties bound to their external surfaces in 

therapeutic and diagnostic methods practised on the human or 
animal body, for instance as delivery. means for drugs and for 
contrast agents for Magnetic resonance (MR) imaging.- The • 
invention provides a therapeutic or diagnostic process 
.comprising intravenous administration of an effective, non 
toxic amount of a PEG-bearing liposomes as hereinbefore 
described containing a diagnostic or therapeutic agent to a 
human or non-human animal in need thereof. 

The invention will now be illustrated by the figures 
of the accompanying drawings which: 

Fig. l. shows a comparison of the clearance of PEGylated SUVs 
and unPEGylated SUVs from the circulation in mice. 

i 

rig. ia: SUVs of composition DSPCiPE: Cholesterol (molar 
ratio 0.4:0.1.5) either PEGylated ( ) or untreated ( ) 
were injected iv into mice (0.4mg/25g mouse). Blood 
levels of CP (dose ± se, 5 animals) are shown; 3 H 
phospholipid clearance was similar (not shown) . 

Fig. IB: and 1C: Identical conditions to Fig. 1A except 
that the SUV preparation had been centrifuged to loo f 000g 
for 1 hr to remove larger vesicles and the injected dose 
was o.8mg/25g mouse. • Both CF Fig. IB clearance and 3 H 
phospholipid clearance Fig. lc ere shown for PEGylated () 
and unPEGylated () vesicles. 

The invention will now be illustrated by the 
following Examples: 
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EXAMPLES 1-10 
PREPARATION OP PEGYLATED LIPID VESICLES 
*• Preparation «f ,^ tf » 1 t , d Tp «« v] -WPflr 

Tresylated monomethoxy PEG (TMPEG) was obtained by 
treating dry monomethoxy peg 5000, which is available from 
Unxon Carbide, in dichloromethane, vith tresyl chloride 
(2,2,2-trifiuoroethane-sulphonyl chloride) which i. available 
from Fluka, at room temperature, using pyridine as a base 

ITIT' DiChl ° roBethane "*°ved under reduced pressure 
.and the solid obtained dissolved in methanol-HCl mixture 
(0 3*1 conc hci p Cr loooBi, and reprecipitated at between -20 
*nd o°. The golid was isolated by centrifugetion, the 
process repeated until the sample was free of pyridine 
(detected at 255nm) , and then the solid was 
reprecipitated from methanol until acid free. 
B ' gE SYmion of lipid ™ ff 1 c i ft ^^.^ 

The resulting TMPEG was reacted with lipid vesicles 
at room temperature in buffered solutions (see below). The 
MPEG covalent attachment of the MPEG to the outer surface of 
the vesicles was demonstrated by the alteration in the 
partitioning behaviour of the vesicles in aqueous two-phase 
sterns of PEG and dextran, by a method similar to that of - 
Tilcock et al. f fiioshi^ 3ioph Y s fc Asfca. SZ£:208-214 (is 8 9) 
The co ^position of the phase system was adjusted so that ihe 
vesicles showed a low partition in the top PEG-rich phase; 

rich *T V<!re ^ ° r in «" «™ **tom ^xtran- 

rxch phase. Attachment of MPEG to the vesicle surface maJc.s 
them more "PEC-li k e« (increases their wetting by the PEG^rieh 
Phase) and they partition to the top phase 

EXAMPLE 1 

PEQV l ation of MT.v« f nlr11nF « nf> „ — ff1n 1f n 
Multilamellar vesicles containing 20% (w /w) egg 
Phosphatidylethanolamine (EPE) and 80% (w/w) egg 
Phosphatidylcholine (EPE) and "c EPC were prepared in 0.125M 
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Naci containing 0.05M sodium phosphate buff r, pH 7.5 (PBS) 
at 10 mg total lipid/ml. 0.1ml samples f vesicles ware 
incubated with solutions of TMPEG prepared in PBS (final 
concentrations 0-170 mg/al) for 2 hours at room temperature . 
Samples were partitioned by adding samples (0.05 ml) to a 
biphasic system (1 ml of top phase and 1 ml of bottom phase 
of a phase system of 5% (w/w) PEG 6000 and 5% (w/w) Dextran 
T500 in 0.15M Naci containing 0.01M sodium phosphate, pH 6.8, 
mixing the systems and measuring the radioactivity in samples 
taken from the mixture immediately after mixing (total) and 
.from the top and bottom phases after phase separation was 
completed (20 min) . 

The results in Table 1 show that exposure of the 
liposome to TMPEG increases their partition into the PEG-rich 
top phase. This indicates that PEG has become attached to 
the liposome, presumably by the covalent attachment to the 
amino group of the EPE. 

TABLE 1 

The effect of TMPEG on the partitioning behaviour of 
multilamellar vesicles of EPE/EPC (2:8). 



FINAL TMPEG 

(mg/al) 




PARTITION (%) 




n 


Top Phase 


Interface 


Bottom . 


Phase 


0.0 


9.1+4.7 


84.5+ 4.1 


6.4+ 2.4 


9 


2.0 


14.5+5.4 


80.2+ 4.2 


5.3± 1.6 




8.0 


44.9+6.3 


50. 8± 6.5 


4.3± 0.4 




12.5 


74.7+9.5 


20.1±10.5 


5.2+ 1.4 




25.0 


96.3+7.8 


3.1± 3.6 


4.6+ 0.8 




50.0 


89.3 


6.5 


4.5 




100.0 


88.8 


5.1 


6.1 




170.00 


89.3 


6.5 


4.2 
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rapEc P " SenCe ° £ PE in v is r quired for 

^ J^T any " eCt - ^ n ffiV » «C treated 

60ot h ° UrS Md ^itioned in a 5%/5* peg 

6000-Dextran T500 systems in 0.15M NaCI buffered with 0.01M 
-odium phosphate, pH 6.8 there was no difference compared to 
MLVs treated with buffer (Table 2). 

TABLE 2 

Effect of TMPEG on eggPC Multilamellar vesicles. 
"FINAL TMPEG PARTITION (« ~ 

(ag/al) T °P Ph »" interface Bottom Phase 



o 



25 ' 25.8 + 13.0 



22.5 ± 13.0 71.6+12.0 5.9±1. 0 



5 



67.8 ± 14.0 6.4 ± 1.0 5 



* . v aCt±Vity ° f declines on storage. Samples 

that had lost their ability to PEGylate proteins were found 

EPE IT T eCt - ^ Partitlon ^ °< «P— m containing 
EPE. This observation, taken together with the inablity of 
TMPEG to effect non-PB containing vesicles supports the 
conclusion that TMPEG attache, to PE specifically, and that 
altered partitioning does not arise fro. a**^/- Z 
to v-«^i« . ari8e fro * adsorption of TMPEG 

to vesicle surfaces. 



EXAMPLE 2 

PEGvUtion of suvr r^ 11nr r1 lar Vit . <<T l , T) - 

SUVs composed of distearoylphosphatidylcholine 
(DSPC), dipalmitoylphosphatidylethanolamine (DPPE) and 

TlZTr°l ^ a ° lar rati ° °- 8! °- 2:1 VCre * 
(1985) , with tracer 3 H -DPPC (6 x 10* dpm per 30 mg 
phospholipid): 25 mg DSPC, 5.5 mg DPPE and 15 mg cholesterol 
were hydrated in 2 ml PBS (0.125M Naci buffered wI^T 
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Naphosphate buff r, pH 8.5). To » asure lipos mal retention 
of water-soluble molecules during the coupling reaction and 
subsequent pr c dures, Carb xyfluorescein was partially 
purified and entrapped at 0.15M as described by Senior et 
al., flificixij^ fiifiE&ys^ AS£a 422: 1-8 (1985). o.5nl SUV vere 
incubated with an equal volume of TMPEG, prepared in PBS 
(0.125M Naci buffered with 0.05M Naphosphate buffer, pH 8.5) 
at 125 mg/ml. for 2 hours at room temperature (Ratio of TMPEG 
to total DPPE is 6.25). The vesicles were then separated 
from unreacted TMPEG by gel filtration on Sepharose 4B-CL and 
partitioned as in Example 1 in a phase system of 5% PEG 8000 
(Union carbide) and 5% Dextran T500 (Pharmacia) in 0.15M NaCl 
containing 0.01M sodium phosphate, p H 6.8. The results in 
Table 3 show that exposure of the liposomes to TMPEG 
increases their partition into the PEG-rich top phase 
compared with vesicles treated only with buffer (control) 
This suggests that PEP has been covalently linked to the 
amino group of the DPPE. PEGylation preceded without the 
loss of the entrapped CF. 

Table 3 

Phase Partitioning of PEGylated and unPEGylated SUVs. 



VESICLES 



PARTITION 1 (%) 



Phase 



Top Phase 



Interface 



Bottom 



Untreated 
TMPEG- treated 



1.4 ± 0.2 
96.5 ± 1.0 



36.0 + 5.0 
1.4 + 1.1 



62.5 + 5.1 
2.1 ± 0.4 



mean + n 
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EXAMPLE 3 

ITOEO (125 na/lll) ana o,.^ pirtltlonl ted 

tr.afd with MPEG (l »» g/Bl) or th . tkfeg tr^tj 

v«icl.s were completely, (loo*, partitions into the top 
Phase, whereas the WES-treated vesicle, and buffer-treats 
vsicle, shows no top phase partitioning as sl»u« 
distribution, between th. interface and the botto. Z~ 
^provides addition.! .upport for th. susestion'that 

^v.torp y t^: ient attachMnt to ^ — • - 

EXAMPLE 4 

PEGylation of LOVettes (Large Unilamellar Vesicles prepared 
by Extrusion) of defined size. P"P«ed 

al X !!r tt *! Prepared M Scribed by TilcocJc et 

BlOChlm . PiophYS, Asta 979;20fl.?iA (19B9). 

LUVettes of lOOna diameter were prepared at a final 
concentration of lomg/ml. Mixtures of dioleyl- 
Phosphatidylcholine (dopc) and dioleylphosphatidyl 
ethanolaaine (DOPE) in chloroform at various molar ratios 
(total 20 mmoles> were combined with 2uc of 3 3 H DPPc and the 

- H^ for lT ad bY eVaP ° rati0n ~* P-ssur. (< TL 

rlLT *- lipid di8PerS6d b * -ixing at 

room temperature in 1.55*1 of 50 mM Hep.., ioo*M Naci 

to gxve a final lipid concentration of lOmg/ml. 
unilamellar v.sicles were then produced byrepeatel Ixt™ • 

lO^nTT " ^ liPid di <™ ™* tLu^ht st^e S d 10n 
lOOnm polycarbonate filters using the Extruder device (Lipe* 
Biomembranes, Canada, by the method of Hope et al Biochi! 

BJflEhyju iaStft ms 55-65 (1985) Diamet.r. "A I LXS ^ SL - 
u _ ln(T _ „, 1X985) . Diameters determined by QEL 

using a Hicomp model 270 particle analyzer. 

of bu« ^ V "f Cl ' S WQr# PECylatftd b * incubation with 40 ul 
of buffer containing TMPEG at roc, temperature. At interv l 
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20 ul samples w re removed and partiti ned in a phase system 
of 1.5ml top phase and 1.5al bottom phas of a 5% PEC 8000 
(Union Carbide) and 5% Dextran T500 (Pharmacia) system 
prepared 0.15M NaCl buffered with sodium phosphate pH 6.8 at 
room temperature. Samples of top and bottom phase were 
removed for counting 20 min after the phase had been mixed 
and allowed to separate. This phase system was selected so 
that the partitioning of the untreated vesicles into the top 
phase was extremely low (>5%) ; the majority of the vesicles - 
were approximately equally divided between the bottom phase 
.and the bulk interface. 

EXAMPLE S 

The time course and pH dependency of the PEGylation 
reaction using a two-fold excess of TMPEG to the DOPE present 
at the outer surface of LDVettes are used in Example 4. At 
pH 8-9 incubation with TMPEG rapidly caused a time dependant 
transfer of vesicles to the top phase. At pH 7.5 the 
reaction was considerably slower and at pH 7.0 there was 
virtually no transfer to the top phase. In a separate 
experiment in which the bottom phase and interface 
partitioning was also measured it is seen that at pH 7.2, 
although top phase partitioning does not alter there was 
decrease in bottom phase partitioning with an increase in 
interface partitioning, indicating that PEGylation proceed at 
pH 7.2 albeit more slowly than at higher pHs. At pH 8 the 
partitioning moves from the bottom phase to the interface and 
then to the top phase; at pH 9 and 10 vesicles are moved 
rapidly from the interface and bottom phase to the top phase. 
Thus the PEGylation reaction is very sensitive to pH and 
appropriate choice of conditions of time and pH can determine 
the degree of PEGylation. The extent of PEGylation can also 
be controlled by the amount of TMPEG used. Treating lOOnm 
Luvettes of DOPE/DOPC (0.2:0.8) at pH 9.0 with varying molar 
ratios of TMPEG increased partitioning into the top phase 
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consistent with.lncr asing. PECylation. Th re was a mark d 
increase in top" phase partiti ning b tw en th molar rati s 
1.0 and 1.3 from 20% to 90%. When the partitioning in the 
bottom phase and at the interface is also measured (Table 4) 
it can be seen that PECylation at the lower ratios of 
TMPEG: outerDOPE molar ratio causes a progressive change in 
the partition from the bottom phase to the interface and 
subsequently to the top phase demonstrating gradations in the 
degree of PECylation. 

It is clear from the time course of the partitioning 
that reaction at P H 9 is virtually complete by i hour. Thus 
defined 

degrees off PECylation are obtained by control of the 
TMPEC:dope ratio. 

TABLE 4 



Molar ratio 
TMPEG: DOPE .. 
at outer surface 




Partitioning (%) 




(Bottom 


Interface 


Top 


0 


50 


40 


10 


0.2 


56 


41 


3 


1.0- 


28 


58 


13 


1.3 


1 


9 


89 
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M asurement f th fraction of amino groups (fr m PE) 
exposed at the uter surface of the LUVettes, made by th 
method of Hop , M.J. and Cullis. p.r. j. Biol. chem. 262: 
.4360-4366 (1987) in 0.05M TNBS in borate buffer at pH 8.5, 
gave values of 47% for DOPCrDOPB vesicles (8:2), close to the 
theoretical value of 50% for equal distribution of the PE 
between the inner and outer surfaces. PEGylation caused a 
decrease in the PE content detectable by this assay, 
suggesting covalent attachment of the MPEG to the free NH 2 
group of PE. Per example, when a 3-fold mole 
, excess of TMPEG to outer PE was added to DOPC:DOPE vesicles 
of 7:3 molar ratio for 1 hour, the percentage of outer PE 
PEGylated was 36%; when a 6-fold molar excess was added, this 
percentage PEGylation increased to 45%. 
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EXAMPLE 6 

Stability of lipid vesicle* to PECylation. 

The stability of lipid vesicles was measured by the 
extent of efflux of 6CT (6-carboxyfluorescein) as described 
by Senior and Gregoriadis in "Liposome Technology" (g 
Gregoriadis ed) vol 3, p. 263 (1984) CRC Press. LOVettes of 
lOOnm composed of DOPC:DOPE were prepared with entrapped 50mM 
6CF C 6-carboxyfluorescein) in lOOmM NaCl at pH 8.5, external 
6CP was removed by column chromatography on Sephadex G-25 
using 50mM Hepes, lOOmM NaCl, pH 8.5 as eliiant. Samples for 
latency measurement were added to 4ml of buffer (lOOmM NaCl, 
50 mM HEPES pH 9) and fluorescence measured (dye released), 
and to 4ml of buffer containing 25mM octylglucoside, 
incubated for 30 mon at 37° to ensure complete disruption of 
the vesicles and fluorescence measured (total dye). 
Fluorescence was measured at 490 nm excitation and 520 nm 
emission. 

LUVettes of lOOnm were PEGylated with TMPEG without 
any loss of latency. Vesicles of DOPC: DOPE 8:2 were treated 
with a 3 fold molar ratio of TMPEG to DOPE present in the 
outer vesicle surface at pH 8.5 to ensure extensive 
PEGylation (demonstrated by phase partitioning) . There was 
no leakage of 6CF out of the vesicles over a period of 2 
hours demonstrating that PEGylation occurs without disruption 
of the lipid bilayer. 

EXAMPLE 7 
Interaction of SUVs with serum. 

o.l ml of SUVs of composition DSPCrPE: Cholesterol 
(molar ratio 0.4:0.1:0.5), with or without coupled PEG (see 
above) were incubated at 376* with 0.5 ml of fresh plasma 
(mouse) or buffer. Samples were removed at intervals and 
partitioned as in Example 2 above. SUVs partitioned about 
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20* top phase, 60% interface and 20% bottom phase. Treatment 
with serum caused an immediate (within 1 min) alteration in 
the vesicle surfac properties indicated by their partit ion: 
0% top phase, 40% interface and 60% bottom phase. The plasma 
proteins alone partitioned mainly to the bottom phase (68% 
bottom, 32% top; Partition coefficient 
-0.47 ± 0.02) n»4). Thus it appears that the 6UVs are 
immediately coated with serum proteins which then cauae the 
vesicles to partition with similar characteristics to the 
proteins. PECylation of the SUVs increased their partition 
into the top phase (almost 100%); on exposure to serum there 
was a change in their partition towards the interface and the 
bottom phase, but importantly this process was very slow 
compared with the virtually instantaneous effect of serum on 
unPEGylated SUVs. since the partitioning behaviour relates 
to the sum of the forces imposed by the PECylation and serum 
binding, and with the former is not a linear function, it is 
not simple to determine whether the effect of serum on 
partition is equal for the PEGylated and for the unPEGylated 
liposomes. This could, however, be determined with a 
detailed dose response analysis of the effect of PEGylation 
on the partition coefficient so that the influence of serum 
could be determined at various parts of the dose response 
curve in "PEG-equivalents". This would establish whether 
serum had different effects on the PEGylated and unPEGylated 
liposomes. The order of magnitude differences in partition 
behaviour suggests that PEGylation slows down the adsorption 
of serum components onto the vesicles. 

Separation of the SUVs exposed to serum by gel 
chromatography gave vesicles which showed partitioning 
behaviour close to that of the vesicles before exposure. 
Thu6 the interaction between vesicles and serum is reversed 
by reisolation of the vesicles. 

These experiments also demonstrate that the altered 
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surface properti s of the stJVs impos d by PEGylation are not 
substantially reversed by serua protein adsorption. 

EXAMPLE 8 

Stability of LUVettes to serua is increased by PEGylation 

To determine the stability of LUVettes to serua 
vesicles containing entrapped 6CP (50ul) were incubated at 
37' with 0.5 al serum (freshly hydrated lyophilised human 
serum, Monitrol-ES, Dade Diagnostics) to provide a final 
lipid concentration of approx lmg/al, a concentration 
corresponding to the maximum in vivo serua concentrations 
expected on the basis of the imaging experiments of Unger et 
al Radiology 221t 81-85. Samples were removed at intervals 
and the 6 CP released was measured fluoriaetricaliy. Vesicles 
were PBGYlated with a 3-fold excess of THPEG to outer surface 
DOPE overnight at room temperature, after which time there 
had been loss of latency. 

SO no vesicles of DOPC:DOPE at 8:2 molar ratio showed 
considerable loss of latency in the presence of serum (eg 
only 10% latency remained after 2hrs) which PeGylation did 
not decrease; lOOnm vesicles showed a latency of 35% after 
2hrs which was unaffected by PEGylation; 200 nm vesicles 
showed a smaller loss of latency (eg 65% latency remained 
after 2hrs) , which also was not inhibited by PEGylation. 
• However, for lOOnm vesicles of 7:3 molar ratio DOPC:DOP£, 
PEGylation decreased serua induced loss of latency by* a 
factor of 2. Increasing the DOPE content to 40 aolet and 50 
aole % increased the stability of the vesicles to serum; 
nevertheless PEGylation produced additional stabilisation. 
Table 5 summarises these data. 
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Table 5 

Stabilisation of lOOran LUVette latency to s rum ( 2hr, 37 •) 
by PEGylation 

DOPC:DOPE Latency (%) 

molar ratio 

UnPEGYLATED PEGylated 
8:2 35 35 

7:3 55 83 

6:4 90 95 

5:5 92 99 

EXAMPLE 9 

PEGylation does not alter the relaxivity of encapsulated Gd- 
DTPA 

Gd-DTPA was encapsulated in LUVettes composed of 
DOPC:DOPE 7:3 by the method of Tilcock et al Radiology 171 : 
77-80 (1989). 

Half of the sample was PEGylated with MPEG (molar - 
ratio of TMPEG: PE on outer surface of 3:1). Both control 
and PEGylated samples were diluted in saline buffer (139 mM 
Naci, 10 n Hepes, 6mM KC1, pH 8.5) to give four samples with 
effective Gd concentrations of 2, 1, 0.5, and 0.25 mM 
(calculated as described by Tilcock et al., Radiology 171 : 
77-80 (1989X given the known trap volume of the vesicles, the 
lipid concentration and assuming the concentration of* 
entrapped Gd-DTPA was 0.67M.) Samples of 10-12 ml were 
imaged with a Toshiba 0.5T MRT-50A whole body scanner. 
Rslaxivites are obtained from linear regressions of l/Tl 
(spin lattice relaxation time constant) against the effective 
Gd-DTPA concentration. These were unaffected by PEGylation 
of the vesicles. 

EXAMPLE 10 

PEGylation of SUVs decreases their in vivo clearance 

SUVs of composition DSPC:PE: Cholesterol (molar ratio 
0.4:0.1:0.4) (0.2ml containing 0.4mg phosphpholipid) were 
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inj cted intravenously into th tail vein of male To nice (5 
in each group) . Clearance of PEGylated and unPECylated 
vesicles was assessed fro* entrapped CP and 3H-radiolabell«d 
Phospholipid measured in blood samples (25ul) withdrawn at 
intervals in the method of Senior and Gregoriadis in 
"Liposome. Technology" vol 3 p P 263-282 (1984), CRC Press, in 
another experiment an 0.8 mg dose of phospholipid was given 
as the supernatant from ultracentrifugation at 100,000g for l 
hour, which contains small vesicles of 2O-l00nm (average 50 
nm) as described by Senior et al Biochim Biophys Acta 839: i- 
« (1985). 

Pig 1A shows the clearance of suvs after intravenous 
administration of a sonicated, uncentrifuged" preparation. 
This preparation contains, presumably, some larger vesicles 
which are cleared rapidly, in both the PEGylated and 
unPECylated samples. However the slower clearance phase 
corresponds to about 50-60* of the lipid dose and showed a 
marked difference in the half life of the PEGylated sample 
(lOhr) compared with the unPECylated preparation (7hr) . m 
the preparation in which the larger vesicle had been removed 
(FIG IB and FIG 1C) the PEGylated vesicles had half life of 
14 hr compared with untreated vesicles of 12 hr. 
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CLAIMS 

1. Liposomes having covalently bound PEG moieties 
on the external surface. 

2. Liposomes according to claim 1 wherein the lipid 
bilayers consist of a mixture of dioleylphosphatidylcholine 
(DOPC) and dioleylphosphatidylethanolamine (DOPE). 

3. Liposomes according to claim 2 wherein the lipid 
bilayers consist of a 7:3 to 5 ;5 molar ratio of DOPC to DOPE* 

4. Liposomes according to any one of claims 1 to 3 
.comprising an aqueous phase containing 
6d:diethylenetriaminepentaacetic acid (Gd-DTPA) ♦ 

5. A pharmaceutical composition comprising an 
aqueous suspension of liposomes according to any one of 
claims l to 4 and a pharmaceutical ly acceptable carrier or 
diluent. 

6. Liposomes according to any one of claims 1 to 4 
for use in a method for the treatment of the human or animal 
body or in a diagnostic method practised on the human or 
animal body. 

7. Use of liposomes according to any one of claims 
1 to 4 in the preparation of a medicament for use in a method 
of treatment of the human or animal body or a method of 
diagnosis practised on the human or animal body. 

8. Use according to claim 8 of liposomes comprising 
an aqueous phase containing a contrast agent in a diagnostic 
method comprising magnetic resonance imaging of the human or 
animal body. 

9. A process for producing a liposome according to 
any one of claims 1 to 4 comprising treating liposomes with a 
reactive derivative of polyethylene glycol. 

10. A process according claim 9 wherein the reactive 
derivative is 2, 2, 2-trifluoroethane sulphonyl -monomethoxy- 
polyethylene . glycol ♦ 

11. A therapeutic or diagnostic method comprising 
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intraven us administration of an effective, non-toxic aaount 
of liposomes according to claim l .comprising an aqu us phase 
containing a diagnostic or therapeutic agant to a human or 
non-human animal in need thereof. 
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Fig. 1A. 
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